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from what it was during the day. This probably had an
effect on the activity of the mice, perhaps making them
less active and not as susceptible to being trapped. Because of this, the total catch probably was less than the
true number that would have been caught on an average night in terms of temperature.
The density calculations should be considered as indices of abundance and not as absolute population densities. There are two reasons for this: 1. an entire population was not caught in any of the areas; 2. that the
areas expanded to a square mile would not have the
same representation. Also, there is the factor of perimeter of a square mile, making relatively more mice susceptible in the individual areas than would be in a square
mile.
No Zapus hudsonius were caught after September
26th. This was the last trapping in a marsh area. The
fact that the weather was getting colder and that Zapus
hudsonius is a hibernator might be the reason that none
of this species was caught in the other areas.
Conclusions: In considering which environment of the
six trapped was best suited for the species caught, the
following was concluded, based on the number caught
per area:
Zapus hudsonius ·
upland marsh
marsh
Mus musculus
Peromyscus leucopus
upland woods
noveboracensis

Peromyscus maniculatus
bairdi
Microtus ochrogaster
Microtus pennsylvanicus

flood plain woods
flood plain woods
upland meadow

In this study it was found that Microtus pennsylvanicus was caught in the greatest number, making up 63%
of the total population of the upland, 82 % of the dry
meadow population and 100% of the upland dry meadow population.
Peromyscus leucopus noveboracensis lived in the greatest variety of habitats.
The upland was the general area that supported the
largest number of mice, four of the six species and 83 %
of the total mice being found there.

General Conclusions:
1. The most numerous mouse was Microtus pennsylvanicus.
2. The best habitats for mice were in the upland.
3. The mouse with the widest distribution was Peromyscus leucopus noveboracensis.
4. The upland dry meadow supported the largest
number of mice.
5. The upland marsh supported the greatest variety
of mice.
6. The flood plain marsh was the least populated area.

ZOOLOGY

Evidence of Amitosis in Mouse Liver
BROTHER GEORGE PAHL and MICHAEL CUMMINGS
St. Mary's College, Winona ·
INTRODUCTION: The theory of amitosis has had a long
and interesting history, and has been a proposed method
of cell division almost as long as we have studied the
problem of how cells divide. Hertwig, reporting in 1909,
gives us a summary of the early theories of cell reproduction. Reichart, in 1847, proposed that as the time
for division approached, the nucleus of the cell would
break down, the nuclear membrane dissolve, with the
nuclear material being dispersed equally to all parts of
the cell. The cytoplasm would then constrict into two
daughter cells, and following this, the nuclear material
would reassemble into two daughter nuclei. This theory
became accepted because it accounted for the observation that during the process of division, the cell nucleus
was not present as such. Another theory, proposed by
Remak in 1852, with some later modifications became
the present day definition of amitosis, that is, the direct
division of the nucleus, without evident separation of
sister chromosomes (Brachet: 1961). According to
Remak, as the cell was made ready for division, the
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nucleus became greatly enlarged. After attaining the
macronuclear state, the nucleus would elongate and constrict in a plane which would be the plane of the later .
cytoplasmic cleavage. After the establishment of the
daughter nuclei, the cytoplasm would cleave, resulting
in two cells. This theory gained adherents mainly because
it preserved the idea of the continuity of the nuclear
substance.
·
In 1882, however, with the work of Flemming on the
theory of mitosis (Hughes, 1959), both these theories
faded rapidly into the background. At the present time,
the essence of mitosis of the nucleus has been defined as
the anaphase separation of sister chromosomes (Brachet,
1961). Since nothing of this sort occurs in amitosis, its
application has been excluded from almost all types of
plant and animal cell division. A recent study of amitosis in plant and animal cells has been carried out by
Bucher (19 59), where it was found to be almost always
associated with a pathogenic condition. The amitotic
theory was not completely lost, but was applied by pro17

tozoologists to cover forms of reproduction in some ciliates and certain suctoria. Recently, however, workers
have established that in those forms which were thought
to have used an amitotic mechanism, the nucleus contains several to many daughter nuclei or "subnuclei"
each of which contains the entire genetic information of
the organism (Sonneborn, 1947). In the process of elongation and constriction, the daughter nuclei receive one
or more of these subnuclei. It has been further established that after dividing by this method for several
generations, these organisms can undergo a genetic recombination by a process which is essentially mitotic.
This paper is to deal with the application of the theory
of amitosis as a process of normal mouse liver tissue,
and to give evidence for the formation of binucleate cells
by this process.

18

PROCEDURE: The experiment which led to the present
observations on amitosis was primarily intended to study
the effects of somatatropic hormone on the periodicity
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of mitosis in immature mouse livers. A group of mice
were placed in an animal control room under carefully
standardized conditions. They were removed after two
days, injected with varying concentrations of the hormone, and returned to the control room for another period of two days. The animals were then sacrificed, and
their livers removed. Slides were made of each liver,
using a process involving three stains. On each slide, a
count was taken on the number of normal cells, binucleates, and mitoses, to determine the effect of the hormone.
It is known that in normal mouse livers, a number of
binucleate cells can be observed, but while making these
counts, some cells were noted which definitely possessed
abnormal appearing nuclei and a granular cytoplasm.
These nuclei were in a macronuclear state, or were elongated with a central constriction, giving them a dumbbell appearance. It is to account for the presence of the
macronuclei and dumbbell nuclei along with the high
count of binucleate cells that the amifotic theory is applied here.
The sequence of events in the formation of binucleate
cells follows that described for amitosis. The first stage,
as in Fig. 1, is the enlargement of the nucleus to a rather
distinct macronucleus. About this stage, the cytoplasm of
the cell takes on a granular appearance. Fig. 2 shows the
next stage, the elongation of the nucleus, which leads to
the formation of a dumbbell nucleus, as shown in Fig. 3.
In Fig. 4, the cleavage furrow has almost completed the
constriction to form two nuclei. The completed binucleate cell is shown in Fig. 5 and the cytoplasm is once
again normal in appearance.
DISCUSSION: The theory of amitosis is being used here
to account only for the formation of the binucleate cell.
It is conceivably possible that after reaching the binu-
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cleate stage, the cell will undergo a cytoplasmic cleavage
to result in two normal cells, but no definite observations
of such a transition have been made, and indeed, are
beyond the scope of our considerations. Again considering the essence of the present definition of amitosis the direct division of the nucleus without separation of
sister chromosomes - our limitations are clearly defined.
The causes of the process of amitosis are open to the
widest speculation. Work done on amitosis as a normal
condition of organs and tissues· has been scanty. It is
known, however, that if a cell is blocked by a chemical
inhibitor from dividing normally, it may seek to divide
by a form of amitosis. Using this as a starting point,
perhaps in the rapid growth engendered by the application of somatatropic hormone, the establishment of the
binucleate system in some way fulfills the stimulus the
cells receive to divide, even though sufficient materials
for structures normally needed for mitosis, e.g., spindles
and centrosomes, are not present. Definite conclusions,
however, rest upon work to be done in the future. The
need now is for definitive experiments on the process of
binucleate formation and fate, and on the cause& of this
process.
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